Status epilepticus (SE) is the most serious and life-threatening form of an epileptic seizure because it does not end spontaneously and may last for hours if not days or weeks depending on several factors. Repetitive uncontrolled discharges during SE may harm neurons and eventually lead to neuronal necrosis, apoptosis, and/or permanent dysfunction. Thus, immediate and rigorous treatment tailored to the individual condition is very important. In this context, reliable predictors of SE outcome at an early stage of treatment are essential for optimal therapy and to avoid underor overtreated SE. The aim of this review is to compile detailed information on the validity and reliability of several clinical features known to determine outcome in SE.
Introduction
Status epilepticus (SE) represents a heterogeneous group of disorders, with a variety of prognoses. The incidence of SE ranges from 15-20 per 100,000 per year [1] . In patients ≥60 years old, the incidence is almost twice as high as in the general population [2] . The mortality of a first SE episode in adults is roughly 20% [3] . In 10-40% of SE patients, seizure activity cannot be controlled with first-line (benzodiazepines), and secondline antiepileptic drugs (AEDs; phenytoin, valproate, or levetiracetam). This condition-defined as refractory SE (RSE) [4] -heralds a prolonged hospitalization and worse prognosis than AED-responsive SE [5] . It is usually associated with potentially fatal etiologies, severe impairment of consciousness, and with a mortality of almost 40% [6] .
Despite the clinical and socioeconomic impact of SE, current knowledge relies almost exclusively on retrospective assessments, and the management of RSE is supported only by small case series and expert opinions. Should patients be treated aggressively with early intubation and high-dose anesthetic drugs, or managed less urgently, even when delayed seizure control might carry the risk of neuronal damage? This decision is complex and has been addressed only in a few studies [7] . A management algorithm which fits all different types of SE is not tenable, as morbidity and mortality differs considerably in dependence of the underlying causes of SE. Knowledge regarding prognosis and its determining factors (. Tab. 1) is one of the cornerstones for early treatment adaption and tailored management algorithms (. Fig. 1 ).
Determinants of outcome in status epilepticus

Etiology of status epilepticus and outcome
Estimates of SE and RSE mortality vary, as neurofunctional outcome and mortality mainly depend on the underlying etiology and whether SE following hypoxicischemic encephalopathy is included in the study [8] . Therefore, early guidelines of the International League Against Epilepsy (ILAE) proposed a categorization of SE according to the underlying etiology with the aim to allow comparison between future epidemiologic and epilepto- logic studies on SE [9] . Accordingly, SE was classified as F acute symptomatic, F remote symptomatic, F progressive symptomatic, and F idiopathic/cryptogenic.
Mortality following SE in patients with known epilepsy and insufficient AED levels is low (3%), while it is higher (27%) in patients with SE from secondary causes, suggesting that the epileptic activity itself has no significant contribution to morbidity [10] . With absence SE (ASE), there has been no demonstrated fixed deficit, even after prolonged SE and in de novo complex partial SE caused by cerebral insults, there is little evidence and no consensus on seizure-related morbidity [11] . In contrast, acute symptomatic etiologies have been consistently linked to poor outcome [12] . Persistent seizure activity following hypoxic-ischemic encephalopathy is an independent predictor of poor outcome with a mortality of up to 100%, mainly because of its largely irreversible brain damage [13] . In a recent study on 111 ICU patients with RSE, hypoxic-ische mic encephalopathy and brain tumors were independently associated with high relative risks (RR) for death (RR 2.41, 95% confidence interval [CI] 1.40-4.12 and RR 2.81, 95%CI 1.59-4.96) [14] . Regarding brain tumors, different results come from a study on the detection and treatment of RSE in the ICU which revealed an improvement of the level of consciousness in all patients with brain tumors on anticonvulsants [15] . However, the proportion of patients (4%) with brain tumors was small.
History of epilepsy and outcome
The majority of SE is thought to develop without a prior history of epilepsy [16] , and almost always secondary to an underlying structural or metabolic-toxic pathology [17] . In a 5-year observational study of 160 ICU patients with SE, epilepsy was known and diagnosed prior to SE onset in 15% [18] . In a prospective study on 154 SE patients from 3 sites, seizure history at SE onset, a surrogate for no acute and fatal SE etiologies, was identified as an independent factor for survival in the multivariable analysis (odds ratio [OR] for death 0.23, 95%CI 0.08-0.65) [19] .
Age and outcome
Older age has been associated with unfavorable outcome of SE in many studies [20] . These studies were contrasted by a recent retrospective cohort study of 106 patients with 111 SE episodes, which revealed no significant difference in case fatality rate between SE of patients younger and older than 70 years but a [21] . Moreover, older age was independently associated with a more favorable SE course in the multivariate analysis. A potential bias in this context may have been that a substantial proportion of the older age group died before reaching the hospital or before the diagnosis of SE could be established (referral bias). Another explanation may be that younger people (1) occasionally develop an "idiopathic" severe SE, labeled "malignant SE" and (2) might have a higher threshold for SE, which might be more difficult to overcome. Furthermore, older patients were probably more likely to be sent to the hospital and to be admitted to the ICU, even if they were not as sick as the younger patients, but because they were potentially at greater risk to require more rapid and intensified treatment. However, in a prospective multicenter study on 154 SE patients that validated the predictive power of a clinical outcome score, older age was identified as an independent factor for death (OR 1.03, 95%CI 1.00-1.06) [19] .
STATUS EPILEPTICUS
Time to treatment of status epilepticus and outcome
The question if ongoing epileptic activity may in some conditions cause brain damage and have an effect on outcome has been addressed in several studies. However, animal models could not provide a clear answer, as most models have been used to investigate the effects of SE, by inducing brain insults that cause chronic neuronal damage by themselves. Models to investigate excitotoxicity have used powerful chemoconvulsants or prolonged high-frequency repetitive stimulation in nonepileptic animals [22, 23] . In humans, there is only little data since it would be ethically barely possible to conduct a study comparing immediate start of treatment with delayed initiation of therapy. Retrospective studies may be open to several biases and might be hampered by the lack of accurate data ascertainment as the start of SE, especially its nonconvulsive forms, often remains undetected for a long while and, therefore, has to be roughly estimated what impairs reliability. A clear relationship between duration of SE before administration of first-line treatment and response to this treatment was observed in a retrospective single center study of the urban area of San Francisco in the 1980s. The duration of SE in responders was 0.7±0.7 h, in nonresponders 1.08±1.41 h-a difference that was significant (p=0.05) [24] .
Consciousness at the start of status epilepticus and outcome A study which aimed to identify prognostic factors in a hospital-based, adult population with SE revealed that at the initial evaluation, impairment of consciousness, and older age were predictive of death [25] . A recent study of mortality and recovery from RSE in ICU patients found that nonsurvivors had significant higher levels of consciousness at SE onset than survivors (10% awake or somnolent vs. 33% awake or somnolent; p=0.006)-a relation that was no longer significant after excluding patients with hypoxic-ischemic encephalopathy (16% vs. 38%; p=0.072), although NCSE in coma remained independently associated with death (RR 3.62, 95%CI 1.34-9.77) [14] . Altered level of consciousness in the course of SE or induced by anesthetic third-line drugs such as pentobarbital, midazolam, propofol, and highdose phenobarbital necessitate intubation, mechanical ventilation. Systematic reviews concluded that coma induction with barbiturates effectively terminates seizures, but delays the recovery from coma and prolongs ventilator treatment and intensive care [26] .
Seizure type at status epilepticus onset and outcome
In our study on 111 ICU patients with RSE, nonconvulsive SE (NCSE) in coma was independently associated with high relative risks for death (RR 3.62, 95%CI 1.34-9.77) [14] -a result which underscores the results of previous studies. In these studies, patients with complex partial, myoclonic or absence or simple partial seizures showed no association with poor outcome, while presence of NCSE in coma and generalized convulsive sei-
Prognosestellung bei erwachsenen Patienten mit Status epilepticus Zusammenfassung
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Status epilepticus · Mortalität · Erholung · Prognose · Neurokritische Behandlung zures at SE onset were significantly associated with high odds for death (OR 5.80, 95%CI 2.11-15.90). In addition, compared with people with a first brief unprovoked seizure, the adjusted relative risk for death in those with SE was 2.4 (95%CI 0.9-6.3) over 10 years [20] .
A prospective population-based study in Richmond, Virgina, found a significantly lower mortality in patients with intermittent SE when compared to those with continuous SE (19.6 vs. 31.4%; p<0.001). Further analysis revealed a significantly and independently increased relative risk of death (RR 1.79; p=0.04) in patients with continuous SE after adjusting for SE type (continuous vs. intermittent), age, etiology, and SE duration [27] .
Status epilepticus duration and outcome
In a 3-year observational study, hospital stay increased by 1.13 h with each additional hour of seizure activity (p=0.02) and SE duration was significantly longer in patients with unfavorable course of SE (defined as death before discharge and/ or RSE). This study was followed by an investigation on a cohort of 160 SE patients which revealed that seizure duration was significantly longer in patients with infections during SE (p<0.0001); however, it could not be determined whether infections were the cause or the result of prolonged seizure activity-a limitation of retrospective study design [18] . In studies on RSE, seizure duration was significantly longer in nonsurvivors compared to survivors [28] and seizure duration was independently associated with high relative risks for death; however, the relative risk was only minimal of every additional hour of SE (for every hour: RR 1.001, 95%CI 1.00-1.002) [14] . Furthermore, differences in seizure duration between survivors and nonsurvivors tended to be more distinct in patients with uncontrolled epilepsy in contrast to more severe etiologies of SE, such as brain tumors and hypoxic-ischemic encephalopathy. These findings suggest that the impact of seizure duration on outcome tends to decrease in the presence of an underlying, severe etiology of SE [14] .
Complications during status epilepticus and outcome
Complications during the course of SE have not been investigated frequently. In a study on the incidence of infections during SE and their effect on resource utilization [29] , infections resulted in a 4-fold increase of the use of nursing resources and significant prolongation of ICU stay. However, further analyses regarding the types and influences of infections on SE course and outcome, as well as their correlation with time of SE onset, were not performed. A study on 160 consecutive SE patients revealed that 23% of patients had infections during the course of SE [18]-a similar incidence (24%) as reported by a large U.S. cohort study of patients with generalized convulsive SE [30] . Of those, 94% were respiratory tract infections and 29% were ventilator-associated pneumonias with a predominance in patients with NCSE-possibly explained by a higher risk of aspiration because of the mostly longer period of unrecognized seizure activity in patients with altered consciousness compared with patients with convulsive SE [31] . The presence of infections during SE was significantly associated with longer seizure duration (p<0.0001), longer ICU stay (p=0.0041), higher risk of RSE (OR 4.8; 95%CI 2.8-10.9), and higher mortality (OR 5.2; 95%CI 2.11-12.7) [18] .
Complications are increasingly recognized in conjunction with the use of anesthetic drugs in SE. Phenobarbital and pentobarbital were associated with cardiotoxicity, thiopental with severe hypotension, and propofol with hepatotoxicity and metabolic acidosis with rhabdomyolysis and cardiac failure (i.e., propofol infusion syndrome [32] ). A recent study of 126 patients with mainly convulsive SE revealed an association of the administration of continuously administered i.v. anesthetic drugs with poor outcome, while treatment with pentobarbital was linked to the longest duration of mechanical ventilation, and to the highest frequency of severe hypotension requiring vasopressors [33] . However, interpretation of these results are impeded by the lack of adjustment for possible confounders, such as the fact that physicians may tend to favor anesthetics as a "rescue therapy" in patients with particular clinical and EEG characteristics (confounding by indication). Conversely, prolonged use of i.v. anesthetic drugs might be withheld from patients with critical medical conditions if their physicians judge them not to be "fit enough" to survive such treatment. Prospective studies on more homogenous cohorts with patients with RSE treated with nonsedating 3rd-line AEDs vs. patients with i.v. anesthetics as the third drug are needed to strengthen or revoke these results.
Scoring systems
The main goal in the treatment of SE patients is the early AED administration and rapid treatment adaption, tailored to the severity of SE and the expected prognosis. One study using the APACHE-II score (a prognostic scoring system for ICU patients based on underlying disease, chronic conditions, and physiologic variables) for RSE patients, found a high initial APACHE-II score to be an independent predictor for death [34] . However, this association was only seen in patients suffering from RSE.
In 2006 a Swiss study group [35] developed a scoring system for early outcome prediction in SE patients (. Tab. 2). This Status Epilepticus Severity Scale (STESS) was based on the associations of specific etiologies, older age, and consciousness impairment at SE onset with death and a history of survived SE with a decreased mortality in SE patients in a prior study [25] . STESS promises to provide a rational for predicting outcome and planning the level of monitoring and possibly modulating the aggressiveness of treatment early in the course of SE [35] . This clinical scoring system was validated in a prospective multicenter study [19] . However, one of the sites was the same where STESS was generated and the study was conducted and analyzed by the same investigators who developed STESS, possibly impeding the generalizability of their results. Further external and independent validation is needed to further strengthen the reliability of STESS for early outcome prediction.
Clinical practice points
F To the current knowledge, acute and life-threatening etiology (e.g., postanoxic encephalopathy, brain tumors, herpes encephalitis) is the main factor contributing to poor outcome in patients with SE. F Other factors pointing to a worse outcome seem to be: level of consciousness at SE onset, duration of SE, delay of treatment, continuous vs. intermittent SE and complications, especially infections. F While the influence of older age is discussed equivocally, a history of epilepsy is likely to be associated with a favorable outcome. F Scores which could be easily and reliably assessed at the beginning of SE and which would predict outcome with high accuracy are highly welcome. The so-called STESS score hereby seems to be a first step in this direction. STESS has been validated not only internally, but will also be externally in the very near future. 
Corresponding address
